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Unlike CC>2, which generally does not undergo chemical changes in
the air, these trace gases frequently do. Not only can the mean con-
centration be affected by other chemicals and sunlight, but distribution
particularly in the vertical can be influenced (ozone is a prime
example). To estimate future concentrations will require more than
estimates of natural and man-made emission rates, fundamental though
those rates will be.

1.2.3 Changing Climate with Changing CO?

With projections given of rising atmospheric concentration of C02 and
other greenhouse gases, the next question to be addressed is that of
possible effects on climate. The main tools for evaluating the
possible role of greenhouse gases are numerical models of the climate
system. Simplified models permit economically feasible analyses over a
wide range of conditions, but they are limited in the information they
can provide, for example, on regional climate change. More detailed
inferences may be obtained primarily from three-dimensional general
circulation models (GCMs), which represent the global atmospheric
circulation, as well as the oceans, the land, and ice (Figure 1.11) .
Comparisons of simulated time means of a number of climatic variables
with observations show that modern climate models provide a reasonably
satisfactory simulation of the present large-scale global climate and
its average seasonal changes. However, the capabilities of even the
most advanced current models remain severely limited? for example, the
three-dimensional GCMs are generally deficient in the treatment of
ocean heat transport and dynamics and feedback between the ocean and
the atmosphere.

The adequacy and results of climate model studies in the CC>2
context were examined in 1979 by an NRC panel chaired by the late Jule
Charney, and again in connection with the present study by a panel led
by Joseph Smagorinsky. Comprehensive reviews of modeling methods and
results have been carried out by Schneider and Dickinson (1974) and
international groups (Gates, 1979). The Smagorinsky panel also
evaluated empirical approaches to assessing climate sensitivity. The
earlier NRC panel reports form one basis of our assessment of the
climatic implications of increasing C02. A second basis is the
search for a "C02 signal" in the recent climatic record; this
detection approach is discussed below in Section 1.2.4 and by Weller et
al. in Chapter 5.

The Carbon Dioxide Assessment Committee did not extend the
systematic treatment of uncertainty adopted in several sections of this
report to its analysis of climate modeling results. However,
Smagorinsky (this volume, Chapter 4, Section 4.2) notes that such
approaches are now being initiated by climate researchers.

The primary effect of an increase of CO 2 is to cause more
absorption and re-radiation of thermal radiation from and to the
Earth's surface and thus to increase the air temperature in the lower
troposphere. A strong positive feedback mechanism is the likely
accompanying increase of moisture, which is an even more powerful